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(54) UNDERGROUND ACOUSTIC WAVE TRANSMITTER, RECEIVER, TRANSMITTING/RECEIVING 
METHOD, AND UNDERGROUND EXPLORATION USING THIS 



(57) On a source side, piezo-electric elements (34) 
are arranged such that vibration direction is perpendic- 
ular to a wall of a bore hole (12), and then an anvil (42) 
arranged on the piezo-electric elements in a bore hole 
wall side is pressure-contacted to the wail of the bore 
hole by a clamping mechanism (64). On a receiver side, 
upper and lower portion of another bore hole (112) are 
closed by a packer (182) and a shut-off valve (180), 
respectively, thereby preventing the fluid from flowing, 
and a cable (150) above a vibration receiver is fixed to 
the wall of said another bore hole (1 12) by a clamping 
mechanism (164), thereby reducing noise propagating 
through the cable. This increases measuring depth and 
crosswell distance of petroleum exploration and soil 
investigation by acoustic tomography, which causes 
applicability to be spread. 
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Description 

Technical Field 

5 [0001] The present invention relates to a device and method for transmitting acoustic wave into underground, for 
receiving the acoustic wave, and an underground exploration method using above mentioned device. More specifically, 
the present invention relates to a device and method for transmitting acoustic wave into underground, for receiving the 
acoustic wave, and an underground exploration method using the same, which are preferably used for obtaining a cross 
section of porosity image and permeability image and variations of sedimentary material, and of shear modules and 

10 shear strength, and the like of sedimentation layer and rock layers, at the exploration of oil and ground water, and the 
soil investigation for plan and design of civil engineering work and foundation work 

Background of Technique 

15 [0002] The conventional borehale measurement method is restricted in measurement range or distance to a periph- 
ery of the bore hole when executing the method electrically or magnetically, thereby disabling a measurement between 
bore holes. A technique of solving this problem includes a seismic exploration method using an elastic wave or a shear 
wave. However, in the existing seismic exploration method, a steel casing for protecting the hole wall has a problem 
related to the coupling, and a vibration source has some problems, thereby disabling the satisfactory investment to be 

20 earned out. For example, there is disclosed a technique of emitting the vibration energy outside the hole wall by vibrat- 
ing a mass up and down and left- and right-hand using hydraulic system, and closely contacting it to the hole wall by a 
clamp (USP5229554, USP4923030, USP4648478, USP4991685, USP4796723" USP5031717, USP5212354, 
US- 51 13966, and USP4805725). 

[0*O3] But, the vibration caused by a hydraulic system cannot exhibit the stable output in a wide frequency range, 
25 particularly a high frequency range of more than 1 kHz. which provides the defect that it is difficult to use a signal com- 
pression technique using a pseudo random signal, and the like. Also, the large output vibration source disclosed by the 
representative USP4805725 is capable of transmitting the receivable energy by enlarging the output without using the 
signal compression technique. However, the measurement is difficult in the high frequency range, thereby making it dif- 
ficult to improve the measurement accuracy, and further it is impossible to carry out the measurement while changing 
30 the frequency, thereby making it difficult to calculate the information, such as the permeability values, which is obtained 
from the sound propagation characteristics. Moreover, a device installed on the ground for generating the large output 
becomes very large, thereby increasing the time and the cost which are required for the preparation of the measure- 
ment such as the movement of the measuring equipment, and the measurement itself. 

[0004] On the other hand, The vibration source (USP504261 1), called bender type, in which the vibrator vibrates like 
35 a cord is capable of emitting the pseudo random signal and keeping high output. However, it has a problem on the dura- 
bility of the vibrator, which makes it impractical. 

[0005] According to the prior invention which was previously invented by the inventor, the permeability and the poros- 
ity of the sediments, and the nature of the pore-fluid (oil, gas, and/or water) within the sediment pore space is remotely 
determined and imaged through the crosswell tomography (See Japanese Patent Provisional Publication (Kokai) No. 4- 
40 198794), and the like, which was proposed by the present inventor. The crosswell tomography enables to measure the 
sound velocity and attenuation at high frequencies (typically 500 to 6000 Hz). 

[0006] However, this acoustic tomography has been limited to a relatively low frequencies of the order of 100 Hz in 
order to sufficiently ensure the measurement distance. Acquisition of high frequency (500 - 6000 Hz) seismograms 
across two wells separated a long distance has been difficult because of the following reasons: 

45 

1 . High attenuation of sound through sediments, 

2. High level of ambient noise in the receiver wells, 

3. Noise through receiver cable caused by wind and ground machines, and 

4. The loss of the source energy by well casings. 

50 

[0007] This problem has been overcome substantially by the technique of the pseudo random binary sequence code 
measurement (hereinafter referred to as " PRBS measurement") by the present inventor, which is one of the signal 
compression techniques. This technique utilizes an omnidirectional acoustic source 14 which continuously generates a 
PRBS signal into all directions in a well 12 drilled in a formation 10, for transmitting underground acoustic wave, a vibra- 
55 tion receiver comprising an array of hydrophones in another well, and a real time PRBS recorder capable of averaging 
and cross-correlating in real time without being subjected to the restriction of the measuring time and the length. The 
boring investigation of the well reveals that the obtained two-dimensional image of porosity, permeability, shear 
strength, and the like are correct. 



2 



BNSOOCID: <EP 091 1649A1_I_> 




EP0 911 649 A1 

[0008] For the case of PVC (vinyl chloride) cased wells having a casing 1 6 comprising a PVC pipe, such as for ground 
water and well for foundation engineering, crosswell tomography measurements have been successfully made to cross- 
well distance of up to 600m with PRBS frequencies up to 6000 Hz using the above technique. From this data, accurate 
two-dimensional images of the permeability, porosity and shear strength have been obtained. For the PVC pipe, the 
acoustic impedance of well fluid (water) is approximately the same as that of PVC, so that the acoustic source 1 4 does 
not have the energy loss when the energy passes through the substances which are different in impedance from one 
another, which enables sufficient energy to effectively propagate in the ground through the casing 16. 
[0009] However, for the steel cased wells, such as a deep well for producing oil, the impedance of steel is two order 
of magnitude larger than that of water or oil, thereby increasing the transmission loss at the casing pipe wall as shown 
by the arrow A, and then causing the energy to be dispersed upward and downward, as shown by the arrow B, which 
disables the acoustic source 14 to transmit only very low acoustic energy to the formation 10 through this steel casing 
16 for oil well. For example, in the experiment of the crosswell tomography by the original PRBS system using the con- 
ventional acoustic source, which was carried out at the production oil field of Trinidad Tobago in October 1 996, new oil 
reservoir was discovered by the successful crosswell tomography at the PRBS frequency of 500 Hz in 300 m deep x 
100 m wide section. Also, it was discovered that the conventional method has the loss of the acoustic energy due to the 
steel casing, which was as large as substantially 55 dB, that is, 99%. In other words, the steel casing can pass only 1% 
of the acoustic energy to the formation. 

[0010] On the other hand, as the source for providing a vibration in the ground, it is expected to dispose a clamping 
mechanism 24 on a source vibrator 20 provided with an axial direction-wise actuator 22, and then to directly fix the both 
sides of the upper portion of the axial direction-wise actuator 22 to the casing 16 as shown in Fig. 19. In the drawing, 
reference numeral 26 designates a motor pump, and 28 a cable. 

[0011] However, thus clamping the source vibrator 20 at its both sides causes the vibration generated by the axial 
direction-wise actuator 22 to be unfavorably released in a direction opposite to such a direction that the vibration should 
be propagated, which deteriorates the efficiency. Further, the axial direction-wise actuator 22 vibrates in the axial direc- 
tion, which enables only the up and down transverse wave (shear wave) to propagate in the formation 10, but which 
disables the longitudinal wave (compression wave) to propagate therein. Further, the frequency characteristics are very 
bad, which provides problems that although the propagation at near 100 Hz is ensured, the propagation at the other 
frequency ranges are not ensured, and the like. 

30 Summary of the Invention 

[001 2] The present invention has been made in order to solve the above-mentioned conventional problems. It is there- 
fore a first object of the present invention to further improve the above-mentioned techniques and then enable efficiently 
energy to propagate in the formation in a necessary direction even when using a casing, that is, steel pipe, having a 

35 large energy loss in the conventional technique, thereby providing the highly accurate measurement between the wells 
which are located away from by a long distance at high frequencies ranging from 500 to 6000 Hz. 
[001 3] ft is a second object of the present invention to reduce the noise of a vibration receiver, thereby providing the 
highly accurate measurement between the wells which are located away from by a long distance 
[001 4] The present invention provides a device for transmitting an acoustic wave into underground, arranged in a bore 

40 hole for propagating an acoustic wave in the ground, characterized by including a source vibrator which comprises: a 
mass body arranged in an axial direction of is the bore hole; a vibrator, made of a material of transforming a voltage 
change to a one-directionwise volume change, disposed on the mass body such that the vibration direction is perpen- 
dicular to or parallel with a wall of the bore hole; an anvil disposed on a side of the wall of the bore hole of the vibrator 
and contacting to the wall; and a clamping mechanism for pressure-contacting the anvil to the wall of the bore hole. This 

45 enables the energy of the source vibrator to effectively propagate in the ground in a necessary direction through the well 
casing, which causes the above-mentioned first object to be solved. 

[001 5] The present invention is different from the conventional technique in that there is utilized the device for obtain- 
ing a stable output at a high frequency range by using the vibrator comprising material for accurately transforming a volt- 
age change to a volume change, such as piezo-electric elements and super magnetostrictive materials. The 

so disadvantage that the output energy is less compared with the case of the hydraulic system can be compensated by 
utilizing the signal compression technique using the pseudo random signal, and the like. On the contrary, the mechan- 
ical vibration generating device such as the hydraulic system is incapable of outputting the pseudo random signal. 
[0016] Moreover, the present invention solves the above-mentioned first object by arranging a balloon type reflection 
plate for preventing the dissipation of the energy above and/or below the vibrator. 

55 [001 7] Besides, the present invention is capable of propagating a pseudo random coded acoustic wave, widely rang- 
ing from a low frequency to high frequency (several ten Hz to several ten kHz), which is one of the signal compression 
techniques. 

[0018] Moreover, the present invention provides a device for receiving an underground acoustic wave, disposed in a 
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bore hole for receiving an acoustic wave propagated in the ground, characterized by comprising: a packer for dosing a 
bottom portion of the bore hole; a shut-off valve for closing a ground outlet of the bore hole; a clamping mechanism for 
fixing a cable, arranged above a vibration receiver in the bore hole, to a wall of the bore hole and decrease the tension 
of the cable arranged above the vibration receiver and then relax the cable. This reduces the background noise in the 
5 receiver side well and the noise caused by wind and machines on the ground and propagating through the cable, which 
causes the above-mentioned problem to be solved. 

Brief Explanation of Drawings 
10 [0019] 

Fig. 1 is a sectional view showing a state in which there is executed an underground exploration method using a 
first embodiment of a vibration transmitting device and a vibration receiving device according to the present inven- 
tion; 

15 

Fig. 2 is a side view showing the structure of the vibration transmitting device according to the first embodiment; 
Fig. 3 is a lateral side view of the same; 
20 Fig. 4 is a side view of the structure of a vibrator used in the vibration transmitting device; 

Fig. 5 is a lateral side view of the same; Fig. 6 is a longitudinal sectional view showing the 

structure of a telescopic hydraulic piston used in a clamping mechanism which is arranged on the upper and the 
25 lower portion of the vibrator; 

Fig. 7 is a front view of the vibrator; 

Fig. 8 is a longitudinal sectional view of the structure of piezo-electric element layered bodies used in the vibrator; 

30 

Fig. 9 is a schematic diagram showing a state in which the vibration is propagated in the above embodiment; 

Fig. 10 is a diagram showing a state in which the amplitude of the longitudinal wave generated from the piezo-elec- 
tric element layered bodies propagates; 

35 

Fig. 1 1 is a diagram showing a state in which the amplitude of the transverse wave of the same propagates; 

Fig. 12 is a side view showing the structure of a second embodiment of the vibration transmitting device provided 
with a turning mecnanism; 

40 

Fig 13 is a side view showing the structure of a third embodiment of the vibration transmitting device provided with 
a balloon type reflection plate; 

Fig. 14 is a side view showing the structure of a fourth embodiment of the vibration transmitting device provided 
45 with a spring type clamp; 

Fig. 15 is a lateral view of the same; 

Frg. 16 is a side view showing the structure of a fifth embodiment of the present invention; 

50 

Fig. 1 7 is a diagram showing the comparison of the frequency characteristics of the sound pressure between a con- 
ventional hydraulic vibrator and a piezo-electric type vibrator according to the invention; 

Fig. 18 is a side view showing an example of a vibration transmitting method executed by the conventional vibration 
55 transmitting device; and 

Fig. 19 is a side view showing a clamping method of the conventional another example. 
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Best Mode for Executing the Invention 

[0020] Embodiments of the present invention will be described hereinafter with reference to the drawings. 

[0021] Fig. 1 shows a state in which an underground exploration method is executed using a first embodiment of a 

5 vibration transmitting device and a vibration receiving device according to the present invention. 

[0022] A vibration transmitting device 30 according to the present invention is installed in a well 12 cased by a steel 
pipe on a source side, by a source side sheathed electric cable 50 of high voltage. The cable 50 is lubricated by a 
grease in a lubricating pipe 52 arranged on the well 12 in order to facilitate its installation, and the tension of the cable 
50 is balanced by a tension balance pulley 54 disposed at the highest location of the rig. This tension balance pulley 54 

io relieves the over-tension of a cable winding electric winch 58 to protect the cable and the equipment. 

[0023] The vibration transmitting device 30 is movable up and down in the well 12 by, for example, the winch 58 
mounted on a truck 56 and the well tower 60. The vibration transmitting device 30 is fixed at a depth suitable for the 
measurement due to the horizontal force of, for example, 5000N by a hydraulic clamping mechanism 64. In the drawing, 
reference numeral 62 designates a PRBS generator for transmitting a vibration signal to the vibration transmitting 



[0024] The vibration transmitting device 30 is driven so as to generate a horizontal force in one direction (right direc- 
tion in Fig. 1 ) by a PRBS code continuing over the period of duration in order to obtain a seismic record of high SN ratio 
by a vibration receiver (hydrophone array 130 in this embodiment) arranged in another (receiver side) well 112. When 
the measurement for a certain measurement depth is completed, the hydraulic clamping mechanism 64 is released, 

20 and then the vibration transmitting device 30 is moved to the next measurement depth. 

[0025] In the receiver side well 112 is arranged a hydrophone array 130 of, for example, 24 channels which is sup- 
ported by a receiver side electric cable 1 50 containing, for example, 50 wires. On an upper end of the receiver side well 
112 are disposed a shut-off valve 180 for perfectly block the movement of the liquid entering into the well 1 12 from a 
formation 10, as well as a lubricating pipe 152, a tension balance pulley 154, a truck 156, an electric winch 158 and a 

25 well tower 160. which are similar to those of the source side. In this embodiment, a shut-off valve 80 which is similar to 
that of the receiver side well 1 12 is disposed at an entry of the source side well 12 also. 

[0026] A packer 182 is disposed on a bottom portion of the receiver side well 112, for closing its bottom portion. A 
clamping mechanism 164 is disposed on an upper portion of the hydrophone array 130 suspended by a weight 184. for 
releasing the tension of the cable 150 between the winch 158 and the uppermost hydrophone, which causes a cable 
30 noise to be removed, which is caused by the wind and the ground machines and then transmitted through the cable 150 
when the cable 150 is tensioned. In the drawing, reference numeral 1 62 designates a data acquiring system for acquir- 
ing a data obtained by the hydrophone array 130. 

[0027] For the purpose of shortening the measuring time, there can be errployed a plurality of the receiver wells 112 
for simultaneously measuring the seismic record of crosswell tomography in a number of sections. 

35 [0028] As shown in detail in Fig. 2 (side view) and Fig. 3 (lateral section view), the vibration transmitting device 30 
comprises a pair of vibrators 32 according to the present invention, having basically the same construction, respectively, 
which are stacked into two layers such that their acoustic wave transmitting directions are perpendicular to each other, 
the hydraulic clamping mechanism 64 for fixing the respective vibrators 32 in the well 12, and a hydraulic oil source 68 
for supplying the hydraulic pressure required by the respective hydraulic clamping mechanisms 64. The upper and the 

40 lower vibrator 32 are coupled with each other through a material, hard to transmit the acoustic wave, such as a hard 
rubber. 

[0029] As shown in detail in Fig. 4 (side view) and Fig. 5 (lateral sectional view), on the upper and the lower portion 
of each of the vibrators 32 are disposed the hydraulic clamping mechanisms 64 each comprising a telescopic hydraulic 
piston 66 having the construction shown in Fig. 6 for fixing the vibrator 32 to an inner wall of the well casing 16 and then 
45 releasing it after the propagation of the PRBS signal at the measuring depth is completed, an oil tank 70 constituting 
the hydraulic oil source 68, a hydraulic pump 72, and an electric motor 74 for driving the hydraulic pump 72. In Fig. 12, 
reference numeral 76 designates a hydraulic pressure line and 78 designates a connector. 

[0030] The electric motor 74 receives a power from the truck 56 on the ground through the cable 50, which enables 
the hydraulic clamping mechanism 64 to be remotely controlled by an electrical signal from the ground. In this embod- 
50 iment, a differential pressure type hydraulic pump is employed as the hydraulic clamping mechanism 64, which elimi- 
nates the need for air ppes for use in the hydraulic pump. 

[0031 ] Total four hydraulic pistons 66 disposed on the upper and the lower portion of the vibrators 32 simultaneously 
receive a predetermined differential pressure, respectively, to thereby extend, in order to compensate a predetermined 
fixing force to each of the two vibrators 32. The telescopic hydraulic piston 66 can fix the vibrator 32 in the well with or 
55 without a casing having an inner diameter, for example, ranging from 4 inches (about 1 0 cm) to 8 inches (about 20 cm). 
The clamping force can be set to a sufficiently large value. For example, when a necessary amplitude of the vibration 
force is 2000 N, the clamping force of the piston is set to 2500 N to prevent the vibrator 32 from loosing at the time of 
the propagation. The clamping force is monitored and then feedback-controlled by a differential pressure gauge for 



15 



device 30. 



5 



BNSOOCia <EP. 



_09U649A1J_> 




EP0 911 649 A1 

monitoring the difference between the outside pressure and the inside pressure in the machine side System. The 
hydraulic pump 66 is so designed to have the maximum clamping force such that the difference pressure is 2500 N or 
3000 psi. 

[0032] As shown in Fig. 7, the vibrator 32 comprises a mass body 36 made of, for example, staintess steel arranged 
5 in the axial direction of the well 1 2 receiving five piezo-electric element layered bodes 34, for example, having a diam- 
eter of 30 mm, and a length of 50 mm. 

[0033] Each of the piezo-electric element layered bodies 34 comprises 40 piezo-electric disks 36, each being, for 
example. 1.25 mm in thickness, layered from one another as shown in Fig. 8, and then electric terminals are fixed 
between the respective disks 36 by conductive adhesives (for example, epoxy), respectively. Applying an alternating 

10 voltage of, for example, the maximum 800 V to each of the disks having a thickness of 1 .25 mm causes the piezo-elec- 
tric element layered bodies having a thickness of 50 mm to generate a linear vibration having an amplitude of 10 urn 
when its both ends are free, and to urge the vibration force having an amplitude of 280 N when the both ends of the 
layered body 34 are fixed. The proper frequency of this system is 2000 Hz, which makes the vibration amplitude larger 
than the static displacement of 10um all over the frequencies ranging from 0 to 3000 Hz. 

15 [0034] An anvil 42 made of, for example, stainless steel is disposed on a front face of the five piezo-electric element 
layered bodies 34, for connecting them. Thus connecting the front faces of the five piezo-electric layered bodies 34 to 
the anvil 42 causes the vibration due to the respective piezo-electric element layered bodies 34 to be synthesized, 
which enables sufficient energy to be propagated even if the frequency is too low for one of the piezo-electric element 
layered bodies to output. 

20 [0035] The surface of the anvil 42 is worked so as to be shaped like, for example, a grater in order to control the atten- 
uation of the pressure-fitting effect due to the contamination such as a compound sulfide attached to the iron casing. 
[0036] In this way, moving the hydraulic, piston 66 by the hydraulic pump 72, pressure-fitting one end of the piezo- 
electric element layered bodies 34 to the casing 16 through the anvil 42, and then fixing the other end to the casing 18 
through the hydraulic piston 66 enables the vibration force caused on the piezo-electric element layered bodies 34 to 

25 be efficiently transmitted to the formation 10 through the casing 16 as shown In Fig. 9, schematically. In other words, 
the vibration energy from the piezo-electric element layered bodies 34 is transmitted to the anvil 42. but does not trans- 
mitted to the casing through the hydraulic damp due to the difference of the acoustic impedance between the hydraulic 
clamp and the anvil. In this way, employing the fluid such as an oil for the clamping mechanism prevents the dissipation 
of the vibration energy through the clamping mechanism. 

30 [0037] Moreover, the number of the piezo-electric element layered bodies 34 may be one. Also, a super magnetostric- 
tive material can be employed instead of the piezo-electric element. 

[0038] There is shown in Fig. 10 and Fig. 11a pattern of a vibration wave emitted from the vibrator 32. The vibrator 
32 acts as a dipole. It is the axial direction 34C of the piezo-electric element layered bodies 34 that the longitudinal wave 
attains the maximum amplitude. The amplitude attained in the other directions attenuates according to the relation of 

35 cose , where e designates an angle with such a direction as to exhibit the maximum amplitude. As shown in Fig. 10, 
the radiation pattern is given by two spherical bodies, one of which is positive, and the other is negative. As shown in 
Fig. 1 1 . the vibrator 32 generates the transverse wave of two spherical patterns, which attains the maximum in a direc- 
tion perpendicular to such a direction as that the longitudinal wave attains the maximum amplitude. 
[0039] In this embodiment, as shown in Fig. 2 and Fig. 3. the upper vibrator and the lower vibrator are disposed such 

40 that the axial directions of the respective piezo-electric element layered bodies 34 are perpendicular to each other, 
which causes the lower piezo-electric layered body to generate the maximum transverse wave toward the receiver side 
well 112, when the upper piezo-electric layered body is directed such that the longitudinal wave toward the receiver side 
well 112 attains the maximum amplitude. Accordingly, operating the respective vibrator individually provides the cross- 
well tomography measurement of the longitudinal wave and the lateral wave. Also, the measurement can be carried out 

45 by comparing the two results and then using the piezo-electric element layered body with the larger propagation energy. 
[0040] Moreover, like a second embodiment of the vibration transmitting device shown in Fig. 1 2, between the vibrator 
32 and the cable 50 can be disposed a turning mechanism 200 including, for example, a direction control gyroscope 
and motor 202. a hydraulic clamping mechanism 204, and a connecting rod 206, thereby making the vibrator 32 rotat- 
able in the casing 16, which enables the longitudinal or the transverse wave to be propagated in an arbitrary direction. 

so [0041 ] The main body of the vibrator according to this embodiment is controlled so as to be directed in such a direction 
to emit the vibration, by the direction control gyroscope and motor 202, which enables a directional acoustic wave to be 
emitted. 

[0042] In concrete terms. 

55 1 . To monitor the gyroscope and then confirm the current direction of the vibrator. 

2. To rotate the main body in such a direction (direction of receiver) as to emit the vibration by the direction control 
motor (electric drive). 

3. To extend the hyr * aulic clamp (204) after controlling the direction, and then fixing the vibration transmitting por- 
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tion (anvil) to the iron casing 1 6. 

4. To release the direction control clamp. 

[0043] This embodiment is particularly useful for the civil engineering for drawing the image of the sediment in the 
5 foundation. 

[0044] Moreover, a compass cannot be used in a deep well cased by the steel pipe, as distinct from a number of oil 
wells. Also, the gyroscope or the turning mechanism for correcting the azimuth of the piezo-electric element (vibrator) 
layered body is expensive, and requires the time of adjustment, which cannot be said to be practical. On the contrary, 
arranging the same vibrators above and below so as to be perpendicular to each other as is the case with the first 

w embodiment shown in Fig. 2 and Fig. 4 prevents when, for example, the axis of the piezo-electric element layered body 
of the upper vibrator is perpendicular to the direction of the receiver side well, the longitudinal wave from generating in 
its direction. However, the lower vibrator generates the maximum longitucflnal wave in the same direction. For example, 
when the upper and the lower vibrator are directed so as to cross at an angle of 45° with respect to a direction of the 
receiver side well 1 12, the vibrators generate the longitudinal wave having the amplitude of 0.707 times or -3 dB of the 

15 maximum longitudinal wave amplitude. Therefore, operating any one of the vibrator provides at least 70% of the maxi- 
mum longitudinal wave amplitude under any circumstances. Measurement using the PRBS enables the loss of - 3 dB 
to be neglected. 

[0045] There is shown in Fig. 13 a vibration transmitting device according to a third embodiment of the invention. In 
this embodiment, above and below a vibrator 32 which is identical with that of the first embodiment are disposed balloon 

20 type reflection plates 300. The surface of the source side of the plates are made of material hard to transmit the acoustic 
wave. Inflating the balloon type reflection plate 300 by using the oil supplied from a hydraulic oil source 68 including, for 
example, a differential pressure type hydraulic pump, and putting lids on the upper and the lower end of the vibrator 32 
prevents the upward and downward dissipation of energy. As circumstances may require, there may be eliminated any 
one of the upper and the lower reflection plate. 

25 [0046] This balloon type reflection plate 300 attains a predetermined effect in association with not only the vibrator 32 
of the first embodiment, but also the conventional vtorator 14 shown in Fig. 14. 

[0047] It is effective to lower the noise level of the signal obtained by the hydrophone array 130, as it is effective to 
raise the output of the vibrator 32 being raised. Two large noise sources having effect on the hydrophone in the receiver 
side well 112 are given as follows: 

30 

1. Environmental noises caused due to a fluid (gases, oil, and water) flowing in the bore hole, and 

2. Noises caused by the wind and the machines on the ground and transmitted to the hydrophone from the ground 
through the cable 150. 

35 [0048] The present invention decreases, as shown in Fig. 1 , the noise caused due to the fluid flowing and the cable 
noise to the minimum. Namely, arranging the packer 182 below the desired deepest measuring point and arranging the 
shut-off valve 1 80 on the upper end of the well prevents the fluid from flowing into the well 1 1 2 including the hydrophone 
array 130. 

[0049] Furthermore, the tension of the cable 1 50 between the upper end of the well and the upper most hydrophone 
40 is removed by a hydraulic clamping mechanism 168, using a telescopic hydraulic piston which is identical with the 
source side well, arranged just above the uppermost hydrophone. Namely, fixing the upper portion of the hydrophone 
array 130 at a predetermined depth in the receiver side well 1 12 by the hydraulic clamping mechanism 168 disposed 
above the upper portion of the hydrophone array 130, and then feeding the cable 150 slightly to relax the cable almost 
eliminates the noise propagating through the cable 150. The clamping of the hydraulic clamping mechanism 164 is 
45 released when carrying out the next measurement, thereby causing the hydrophone array 130 to move up and down in 
the well 112. The hydraulic clamping mechanism 164 is identical in construction and operation with the source side well, 
and the description thereof is omitted. 

[0050] Moreover, the clamping mechanism comprises a hydraulic clamp in the above-mentioned embodiments; how- 
ever, the clamping mechanism may not be restricted in kind to this hydraulic damp. Not only a fluid clamp using a fluid 
so other than oil, but also a mechanical clamp such as an eccentric cam or a screw can be employed as each of the source 
side and receiver side. 

[0051] There is shown in Fig. 14 (side view) and Fig. 15 (lateral sectional view) a vforation transmitting device using 
a spring type clamp 400 according to a fourth embodiment of the present invention. 

[0052] Further, an electromagnet may be attached to the anvil and the anvil may be magnetized electrically in meas- 
55 urement so as to raise the pressure-fitting effect to the iron casing. 

[0053] Besides, the vibration direction may not be restricted to the vertical to the wall of the bore hole. Like a fifth 
embodiment shown in Fig. 16, the hole wall may be moved up and down by vibrating a mass body 502 (the lower source 
vibrator 32 in the first embodiment may be available) hung from a body 500 (the upper source vibrator 32 in the first 
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embodiment may be available) fixed to the wall of the bore hole by a pair of left and right hydraulic pistons 66A, 66B. 
[0054] The comparisons of the source output in terms of the strike force for the source vibrator according to the first 
embodiment and a conventional source vibrator in a steel cased well, and a conventional source vibrator in a PVC 
cased well in the Trinidad sandstone formation are given in Table 1 . 



[Table 1] 



10 


Frequency (Hz) 


Source Vibrator of the 
present Invention (N) 


Conventional Source 
Vibrator (In Steel Pipe) 
(N) 


Conventional Source 
Vibrator (In PVC Pipe) 
(N) 




125 


80 


0.002 


0.10 




250 


312 


0.260 


13 


15 


500 


1.250 


2.120 


106 




1,000 


2,000 


17 


846 




2,000 


8,000 


134 


6,700 




3,000 


16,000 


268 


13,400 


20 


4,000 


32,000 


536 


26.6000 



[0055] As seen from Table 1 . the source vibrator of the present invention transmits 1200 times more energy into the 
sandstone formation than the conventional source vibrator in a steel cased well at 250Hz and 120 times more at 1000 

25 Hz. The source vbrator of the present invention transmits much more energy into a sandstone at all frequency even 
compared with the conventional source vibrator in a PVC cased well. At 500 Hz, the source vibrator of the present 
invention should be able to transmit high signal to noise ratio PRBS signal to source receiver distance up to 650m with- 
out noise reduction. Without noise control at receiver wells, this distance will be extended to 1 200m. 
[0056] Power level (dB) of the source vibrator according to the first embodiment of the present invention in Micropas- 

30 cal/m in the Torinidad sand stones (V = 2500 m/s, attenuation = 0.25 dB/m/kHz), and transmission distance(m) for fre- 
quencies between 32 to 4000 Hz are given in Table 2. Crosswell tomography across a distance of 1 to 7 km through the 
Trinidad sand stones is possible using PRBS frequencies 32 to 250 Hz. This is very important to image large areas of 
oil field by a single crosswell experiment. However, in order to do this it is necessary to eliminate not only the noise in 
the receiver well but also the 60 Hz noise from electric power supplies. It is necessary to build a self-contained battery 

35 powered PRBS recorder computer and independent clocks for receivers and source. The vibration transmitting device 
according to the present invention also transmits high frequency to PRBS longer distance as compare to the conven- 
tional vibration transmitting device. The source level of the conventional vibration transmitting device in the Trinidad 
sand stones in dB is given in the parentheses ()in Table 2 for comparisons. 



40 

[Table 2] 



45 


Frequency (Hz) 


Resolution (m) 


Source Level of 

the present 
Invention Device 
(dB) 


Output Level of 
the Conventional 
Device (dB) 


High Noise Trans- 
mission Distance 
(m) 


Low Noise Trans- 
mission Distance 
(m) 




32 


32 


160 


(68) 


2,800 


7,700 




62 


16 


166 


(80) 


1.900 


4,400 


50 


125 


8 


170 


(92) 


1,200 


2,400 




250 


4 


177 


(104) 


750 


1,400 




500 


2 


183 


(116) 


450 


800 




1.000 


1 


185 


(128) 


270 


430 


55 


2.000 


0.5 


187 


(140) 


150 


230 




4.000 ! 


0.25 


190 


(152) 


70 


130 
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Industrial Applicability 

[0057] The present invention disclosed herein eliminates the loss due to steel or other casings by replacing the acous- 
tic source by the vibration transmitting device according to the present invention which effectively transmits source 
5 energy to the sediment formations through the casings. 

[0058] In addition, the present invention discloses the art of effectively reducing by up to 40 dB the ambient noise in 
the receiver wells and the cable noise generated by winds and ground machines which is transmitted through receiver 
cable by the ambient noise and cable noise reduction system. 

[0059] The use of either the new source or the noise reduction system, or the combination of the both effectively 
io increases the acoustic signal to noise ratio by 55 to 95 dB. For example, these increases of signal to noise ratio enable 
to extend the transmission distance of the original PRBS crosswell tomography in the sandstone oil field by 4 to 8 times 
(from 100 m to 400 m - 800 m at 500 Hz), or increase the PRBS frequency 4 to 8 times (from 500 Hz to 2000 Hz - 4000 
Hz at crosswell distance of 100 m). For limestone oil fields, the crosswell distance would be increased from 100 m to 
1000 m - 2000 m at 500 Hz. The present invention has dramatically increased the capability to find oil and gas in oil 
t5 fields and water in underground reservoirs. 

[0060] There is shown in Fig. 1 7 the frequency characteristics of the output of the conventional hydraulic source vibra- 
tor (broken line) and the piezo-electric source vibrator according to the present invention (actual line). For the conven- 
tional one, the output is extremely decreased at 1000 Hz, whereas for the present invention, the output is stabilized 
even over 5000 Hz, which shows that the measurement is realized with high accuracy at higher frequency compared 
20 with the hydraulic source vibrator. 

- [0061] Moreover, the source vibrator according to the present invention emits the longitudinal wave (compression 
wave) and the transverse wave (shear wave) in directions perpendicular to each other, respectively, it can be employed 
as a pure longitudinal wave generator or transverse wave generator when the crosswell tomography for investigating 
the underground is conducted for the exploration of the underground resources or the civil engineering work. 

25 

Claims 

1. An underground acoustic wave transmitting device (30) arranged in a bore hole (12) for transmitting an acoustic 
wave in ground, characterized by including a source vibrator (32) which comprises: 

30 

a mass body (40) arranged in an axial direction of said bore hole; 

a vibrator (34), made of a material of transforming an voltage change to a one-directionwise volume change, 
disposed on said mass body such that the vibration direction is perpendicular to or parallel with a wall of said 
bore hole; 

35 an anvil (42) for contacting to said wall, disposed on said bore hole wall side of said vibrator; and 

a clamping mechanism (64) for pressure-contacting said anvil to said wall of said bore hole. 

2. An underground acoustic wave transmitting device as set forth in claim 1 , wherein a plurality of said vibrators (34) 
directed to the same azimuth are arranged parallelly in the axial direction of said bore hole, and said anvil (42) is 

40 provided so as to connect said bore hole wall side of said vtorators. 

3. An underground acoustic wave transmitting device as setforth in claim 1 or 2, wherein said vibrator (34) is con- 
structed by a piezo-electric element, or a super-magnetostrictive material. 

45 4. An underground acoustic wave transmitting device as set forth in claim 1 , wherein a surface of said anvil (42) is 
coarse. 

5. An underground acoustic wave transmitting device as set forth in claim 1 , wherein a fluid pump (72) for driving a 
fluid clamp, a fluid tank (70), and an electric motor (74) for driving said fluid pump are mounted on said mass body 

so (40), and said source vibrator (32) and device on the ground are connected to each other through an electric cable 
(50). 

6. An underground acoustic wave transmitting device as set forth in claim 1 , wherein said clamping mechanism com- 
prises a fluid clamping mechanism (64) for pressure-contacting said anvil (42) to said bore hole wall by fluid pres- 

55 sure. 

7. An underground acoustic wave transmitting device as set forth in claim 6, wherein said fluid damping mechanism 
(64) is constructed by using a hydraulic piston (66). 
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8. An underground acoustic wave transmitting device as set forth in claim 1 , wherein said anvil (42) is further provided 
with an electromagnet type clamping mechanism. 

9. An underground acoustic wave transmitting device as set forth in claim 1. wherein a balloon type reflection plate 
5 (300) for preventing dissipation of energy is further disposed above and/or below said source vibrator (32). 

10. An underground acoustic wave transmitting device as set forth in claim 1 or 2, wherein a plurality of said source 
vibrators (32) which are different in azimuth of said vibrator (34) from one another are arranged in axial direction of 
said bore hole (12). 

10 

1 1 . An underground acoustic wave transmitting device as set forth in daim 1 0, wherein two source vibrators (32) differ- 
ent by 90° in said azimuth of said vibrators (34) are provided. 

12. An underground acoustic wave transmitting device as set forth in claim 1, further comprising a turning mechanism 
is (200) for rotating said mass body (40) in said bore hole (12) to change the fixing direction of said anvil (42). 

1 3. An underground acoustic wave transmitting device as set forth in claim 12, wherein said turning mechanism (200) 
is constructed by using a direction-control gyroscope, a motor (202), and a clamping mechanism (204). 

20 14. An underground acoustic wave transmitting method for transmitting an acoustic wave in ground, characterized by 
arranging an underground acoustic wave transmitting device (30) in a bore hole (12) to transmit an acoustic wave 
in ground, said transmitting device (30) including a source vibrator (32) which comprises: 

a mass body (40) arranged in an axial direction of said bore hole; 
25 a vibrator (34), made of a material of transforming a voltage change to a one-directionwise volume change, dis- 

posed on said mass body such that the vibration direction is perpendicular to or parallel with a wall of said bore 
hole; 

an anvil (42) for contacting to said wall, disposed on a bore hole wall side of said vibrator; and 
a-clamping mechanism (64) for pressure-contacting said anvil to said wall of said bore hole. 

30 

15. An underground acoustic wave transmitting method as set forth in claim 14, wherein said underground acoustic 
wave transmitting device (30), provided with two source vibrators (32) which are different by 90° in azimuth of said 
vibrator from each other, is disposed in said bore hole (1 2), for propagating said acoustic wave having a longitudinal 
wave transmitting in an axial direction of said vibrator, and a transverse wave propagating in a perpendicular direc- 

35 tion of said axial direction. 

16. An underground acoustic wave transmitting method as set forth in claim 14, wherein said underground acoustic 
wave transmitting device (30) transmits a pseudo random coded acoustic wave ranging from a low frequency to a 
high frequency. 

40 

17. An underground exploration method characterized by arranging an underground acoustic wave transmitting device 
(30) in a bore hole (12) to transmit an acoustic wave in ground, said transmitting device (30) including a source 
vibrator (32) which comprises: 

45 a mass body (40) arranged in an axial direction of is said bore hole; 

a vibrator (34), made of a material of transforming a voltage change to an one-directionwise volume change, 
disposed on said mass body such that the vibration direction is perpendicular to or parallel with a wall of said 
bore hole; 

an anvil (42) for contacting to said wall, disposed on a bore hole wall side of said vibrator; and 
so a clamping mechanism (64) for pressure-contacting said anvil to said wall of said bore hole. 

18. An underground exploration method as set forth in claim 1 7. wherein a longitudinal wave, which is transmitted from 
said source vibrator (32) in an axial direction of said vibrator (34), is used for purpose of exploration. 

55 1 9. An underground exploration method as set forth in claim 17. wherein a transverse wave, which is transmitted from 
said source vibrator (32) in a direction perpendicular to an axial direction of said vibrator (34). is used for purpose 
of exploration. 
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20. An underground acoustic wave receiving device disposed in a bore hole (1 12) for receiving an acoustic wave trans- 
mitted in the ground, characterized by comprising: 

a packer (182) for closing a bottom portion of said bore hole; 
s a shut-off valve (180) for closing a ground outlet of said bore hole; 

a clamping mechanism (164) for fixing a cable (150), arranged above a vibration receiver in said bore hole, to 
a wall of said bore hole so as to decrease tension of said cable arranged above said vibration receiver and then 
relax said cable. 

w 21 . An underground acoustic wave receiving method characterized by arranging an underground acoustic wave receiv- 
ing device in a bore hole (1 2) to receive an acoustic wave transmitted in the ground, said receiving device compris- 
ing: 

a packer (182) for closing a bottom portion of said bore hole; 
is a shut-off valve (1 80) for closing a ground outlet of said bore hole; 

a clamping mechanism (164) for fixing a cable (150), arranged above a vibration receiver in said bore hole, to 
a wall of said bore hole so as to decrease tension of said cable arranged above said vibration receiver and then 
relax said cable. 

20 22. An underground acoustic wave receiving method as set forth in claim 21 , wherein said receiving device receives a 
pseudo random coded acoustic wave. 

23. An underground exploration method characterized by arranging an underground acoustic wave receiving device in 
a bore hole (112) to receive an underground acoustic wave, said receiving device comprising: 

25 

a packer (182) for closing a bottom portion of said bore hole; 

a shut-off valve (180) for closing a ground outlet of said bore hole; 

a clamping mechanism (164) for fixing a cable (150), arranged above a vibration receiver in said bore hole, to 
a wall of said bore hole so as to decrease tension of said cable arranged above said vibration receiver and then 
30 relax said cable. 

24. An underground acoustic wave emitting and receiving method characterized by arranging an underground acoustic 
wave transmitting device (30) in a bore hole (12) to transmit an acoustic wave in ground, said transmitting device 
(30) including a source vibrator (32) which comprises: 

35 

a mass body (40) arranged in an axial direction of said bore hole; 

a vibrator (34), made of a material of transforming a voltage change to a one-directionwise volume change, dis- 
posed on said mass body such that the vibration direction is perpendicular to or parallel with a wall of said bore 
hole; 

ao an anvil (42) for contacting to said wall, disposed on said bore hole wall side of said vibrator; and 

a clamping mechanism (64) for pressure-contacting said anvil to said wall of said bore hole, and 
by arranging an underground acoustic wave receiving device in another bore hole (1 12) to receive an under- 
ground acoustic wave, said receiving device comprising: 

45 a packer (1 82) for closing a bottom portion of said another bore hole (112); 

a shut-off valve (180) for closing a ground outlet of said another bore hole (1 12); 

a clamping mechanism (164) for fixing a cable (150), arranged above a vibration receiver in said another 
bore hole, to a wall of said another bore hole so as to decrease tension of said cable arranged above said 
vibration receiver and then relax said cable. 

so 

25. An underground exploration method characterized by arranging an underground acoustic wave transmitting device 
(30) in a bore hole (12) to emit an acoustic wave in ground, said transmitting device (30) including a source vibrator 
(32) which comprises: 

55 a mass body (40) arranged in an axial direction of said bore hole; 

a vibrator (34), made of a material of transforming a voltage change to a one-directionwise volume change, dis- 
posed on said mass body such that the vibration direction is perpendicular to or parallel with a wall of said bore 
hole; 
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an anvil (42) for contacting to said wall, disposed on a bore hole wall side of said vibrator; and 
a clamping mechanism (64) for pressure-contacting said anvil to said wall of said bore hole, and 
by arranging an underground acoustic wave receiving device in another bore hole (1 12) to receive an under- 
ground acoustic wave, said receiving device comprising: 

5 

a packer (182) for closing a bottom portion of said another bore hole (112); 

a shut-off valve (180) for closing a ground outlet of said another bore hole (1 12); 

a clamping mechanism (164) for fixing a cable (150), arranged above a vibration receiver in said another 
bore hole, to a wall of said another bore hole so as to decrease tension of said cable arranged above said 
10 vibration receiver and then relax said cable. 

26. An underground exploration method as set forth in claim 25, wherein clock for said source vibrator and said vibra- 
tion receiver is made independently of clock for a recorder for recording a received acoustic waveform. 

/5 27. An underground acoustic wave transmitting device (30) disposed in a bore hole (12) for transmitting an acoustic 
wave in ground, characterized in that a balloon type reflection plate (300) for preventing dissipation of energy above 
and/or below said source vibrator (32). 

28. An underground acoustic wave transmitting device as set forth in claim 27, wherein at least a side surface of said 
20 balloon type reflection plate (300) on a side of said source vibrator (32) is made of a material hard to transmit an 

acoustic wave in said bore hole(12). 

29. An underground acoustic wave transmitting method characterized by arranging an underground acoustic wave 
emitting device (30) in a bore hole (12) to transmit an acoustic wave in ground, said transmitting device (30) is pro- 

25 vided with balloon type reflection plate (300) for preventing dissipation of energy above and/or below said source 
vibrator (32). 

30. An underground exploration method characterized by arranging an underground acoustic wave transmitting device 
(30) in a bore hole (1 2) to transmit an acoustic wave in ground, said transmitting device (30) is provided with balloon 

30 type reflection plate (300) for preventing dissipation of energy above and/or below said source vibrator (32). 
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FIG.1 




13 

BNSOOCIO. <EP 0911649A1J_> 



EP0 911 649 A1 




FIG.3 
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